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Interest in the role of free radicals in rheumatoid arthritis (RA) stems from the seminal work of McCord,' who noted the decreased viscosity of synovial fluid in RA patients and showed that a similar decrease could be produced by exposing synovial fluid, or solutions of hyaluronic acid, to a system generating superoxide radical, 02-. McCord's observations led to interest in the use of intraarticular injections of the antioxidant enzyme superoxide dismutase as a treatment in RA. However, the clinical data presented did not convince many rheumatologists2 3 and overenthusiastic interpretations of the data may have led to unwarranted scepticism about the real role of free radicals in RA. Let us review our current knowledge.
Basic definitions
Electrons in atoms and molecules occupy regions of space termed orbitals, each of which holds a maximum of two electrons. A free radical is any species capable of independent existence that contains one or more unpaired electrons-that is, electrons alone in an orbital. Table 1 gives examples.
Radicals react with other molecules in a number of ways. 4 If two radicals meet, they can combine their unpaired electrons and join to form a covalent bond (a shared pair of electrons). An important example is the fast reaction of 02-with nitric oxide (also a free radical, NO') to form the non-radical peroxynitrite:5 O2--+ NO-ONOO-
A free radical might donate its unpaired electron to another molecule. Thus°2-reduces ferric (Fe3") cytochrome c to ferrous (Fe2+ ) cytochrome c, a reaction often used to assay 02-production by activated phagocytes:6 cyt c (Fe3+) + 02-- ' The interaction of 02-and NO can also be dangerous.5 The product, peroxynitrite (equation (2)) is not only directly toxic, for example by oxidising methionine and protein -SH groups, but also it breaks down to generate multiple toxic products (figure), including nitrogen dioxide gas (NO2'), OH' and nitronium ion (NO24).5 16 79 In addition, ascorbate is essential for cartilage function80 and the low concentrations found in RA synovial fluid might impair cartilage metabolism. The current interest in the role of tumour necrosis factor ct (TNFot) in RA8' may relate to observations that TNFot causes oxidative stress. 82 83 In summary, we do not as yet know the exact contribution made by reactive oxygen species to joint damage in RA. The development of improved assays of oxidative damage that are applicable to humans29 should help to address this point and allow a rational selection of antioxidants for possible therapeutic application.84
